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Abstract 
Introduction: Traditionally, students demonstrate their learning via testing and 
demonstrations but little is known about how learners’ interaction with information 
changes during and after training. Previous studies have shown the difference 
between naive and expert individuals’ interactions with an image but never in the 
same individuals before and after the educational process. Our lab’s goal is to 
explore this question using gaze tracking and quantitative measures. This will be 
done by looking at 3 specific variables: entry time, number of visits and fraction of 
viewing time. 
Hypotheses: We test 3 main hypotheses. (1) The trained group will attend to 
educationally salient features more than the non-trained group, after the training. 
(2) The non-trained group will attend to visually salient features more than the 
trained group after training. (3) Training will cause the trained group to attend 
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more to educationally salient features after then training, when compared to 
base, while the non-trained group will have no change. 
Methods: Subjects are first tested for a baseline interaction with an image. Next, 
the experimental group is trained in the identification of cells with a series of 
labeled slides highlighting key features for this purpose. The control group is 
given the same chance to see the images and learn the names, but is not given 
the educational material that indicates the salient features for identifying these 
cells. After training, each group is given a test and instructed to identify the cell 
on the screen. In the test the subjects viewed all six images, presented in three 
different orientations (original, 180 degree flip, and horizontal&180 flip). The 
variables entry time, glance count and dwell time are used to measure changes 
in visual gaze. 
Results: The entry time and number of visits showed a variance so large that the 
patterns in these data seemed almost random, with no clear trends differentiating 
the Experiment and Control groups, but the hypothesized trends are seen in 
oblong cells. Glances to educational salient features for oblong 2 showed 
significance between groups for 180 (p=0.014), horizontal&180 (p=0.024) and 
original orientation (p=0.053) with both groups decreasing but the control group 
decreasing more. Fraction of viewing time on the other hand shows promise with 
the educated group increasing its fraction of viewing time on educationally salient 
features for oblong 3 from 9.4% to 11.6% while the control (non-educated) group 
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dropped from 8.1% to 3.7% (p=0.001). As predicted, the fraction of viewing time 
on the visually salient point (nucleus) dropped from 30.4% to 11.8% for 
experimental group and rose from 32.0% to 39.6% for control (p=0.0002). 
However, results are not consistent for all images. 
Conclusion: Although our hypotheses are not upheld overall, we conclude that 
all three variables may be useful in evaluation of education as evident in the 
oblong cells. Further refinement of the experiment is required with a focus on 
clearly separating educationally salient features from visually salient, or having 
numerical value for how visually salient a feature is to see if there is a threshold 
at which a feature blends into the environment enough so education is needed in 
order to locate or identify this feature as being important.   
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Introduction 
 Visual gaze is a dynamic process in which the viewer receives specific 
visual input for the ongoing cognitive and behavioral activities associated with the 
viewing their environment (Findlay, 2001, Henderson J. M., 2003, Henderson J. 
M., 2007).  It is believed that visual gaze is influenced both by visual information 
through visually salient points, and by cognitive control, which influences the 
interpretation of visual input. A visually salient point is a part or parts of an image 
that grabs your attention which due to its size, contrast, color, orientation, etc. 
Visual gaze of a still image can be broken into 2 pieces: saccades and fixations. 
Saccades are voluntary eye movements from one feature of an image to another. 
Fixations occur when the eye remains within approximately one degree of visual 
angle for at least 80ms (Salvucci, 2000). The order, frequency and duration of 
each of these features make up a gaze pattern.  
Early work by Buswell and Yarbus documented eye movements during 
complex picture viewing and how being assigned viewing tasks influenced the 
viewers’ interactions with the image (Buswell, 1935, Yarbus, 1967). These 
studies demonstrated that eye fixations are not randomly distributed around the 
image but rather clustered in specific regions, while other regions of the image 
are ignored. Additionally, the assigned task alters subjects’ gaze patterns. For 
example, Buswell requested that his subjects look at a picture of a tower without 
instructions, and then gave them a second chance to examine the images after 
telling them that a person is located in one of the tower windows. This led to a 
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drastic change in the distribution of gaze fixations, leading to longer and more 
frequent fixations on the tower after subjects were told about the person in the 
window, as compared to the free viewing. This led Buswell to conclude that the 
change in fixation patterns was due to the instructions and that the added 
information piqued the viewers’ interest as they searched for a piece of 
information that they had previously missed.  Buswell called this a change in the 
“mental set” as subjects view the images with different instructions (Buswell, 
1935). Yarbus, in comparison, instructed his subjects to view the painting “The 
Unexpected Visitor” by I.E. Repin with different viewing instructions. Similar to 
Buswell, Yarbus demonstrated that the eye movements change drastically with 
task instructions. For example, subjects spent more time looking at faces when 
asked to determine the age of the people versus trying to determine the 
circumstances surrounding the situation in the picture (Yarbus, 1967). Yarbus 
and Buswell both demonstrated that eye movement is strongly influenced by the 
given task. 
 More recent studies of scene perception and eye movement have focused 
on image properties and how they relate to eye movement (Henderson J. M., 
2007, Krieger, 2000, Mannan S. K., 1996, Mannan S. R., 1997, Parkhurst D. J., 
2002, Parkhurst D. J., 2003, Reinagel, 1999, Tatler, 2005). These works focus on 
the idea of visual salience in which a distinct yet subjective perceptual quality 
makes an item stand out from other regions of the image. In other words, a 
3 
 
visually salient region is the region in the scene that grabs the viewer’s attention 
and causes them to fixate on that region.  Computational models have been 
created related to this subject, focusing on the locations of the fixations in 
response to visually salient stimuli (Itti, 2001, Torralba, 2006). These studies 
have added much to the understanding of visual salience and the position of a 
fixation when viewing a scene. However, without knowing the duration of the 
fixations it is hard to interpret the perceptual and cognitive activities required to 
interpret the screen. Average fixation durations across the scene along with the 
summed consecutive fixations on a specific region have previously been related 
to the ongoing perception and cognitive activities associated with image viewing 
(Castelhano, 2008, Henderson J. M., 2004, Henderson J. &., 1999, Rayner, 
1998).   
When looking at these data it is important to take into account how 
fixations change over consecutive viewings.  Previous studies that attempted to 
look at the effects of consecutive viewing on fixations have shown little 
consistency (Antes, 1974, De Graef, 1990, Friedman, 1981, Henderson J. &., 
1998, Unema, 2005). Antes asked subjects to view 10 paintings for 20 seconds 
each and to declare their favorite at the end of the viewings. During this 
experiment Antes showed that, within a single viewing, fixations at the beginning 
were shorter than the ones at the end of the viewing, which they concluded was 
related to changes in scrutiny as the subject tried to discern more information 
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from the image.  A previous study in our lab also demonstrated a similar increase 
in fixation duration in subsequent viewings of an image. (Wice, 2011) 
 Further studies into visual interaction have investigated the difference 
between a novice and an expert when viewing an image relevant to their 
expertise (Savelsbergh, 2001, Myles-Worsley, 1988, Leong, 2007, Matsumoto, 
2011). In these studies, subjects in the two respective cohorts were given images 
related to the expert’s field of study. For example, Matsumoto compared 
neurologists’ and control subjects’ gaze patterns when viewing brain CT images 
and demonstrated that neurologists had a longer dwell times on regions of 
interest with low visual salience. This means that neurologists spent more time 
looking at areas with high clinical importance that the control group has no 
knowledge of and no experience in identifying (Matsumoto, 2011).  
The documented differences in naïve vs. expert gaze patterns forms the 
foundation for the questions pursued in our lab. Broadly, is it possible to 
document changes in gaze patterns as individuals’ transition from naïve to 
expert?  Specifically, what are the influences of varying educational strategies on 
gaze patterns? In this study we use gaze tracking to evaluate how an educational 
intervention influences gaze patterns. We look at the speed at which subjects 
reach an educationally salient location through the evaluation of entry time. We 
will also look at the numbers of times they visit an educationally salient feature as 
well as the fraction of viewing time spent on educationally salient features within 
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an image. We hypothesize that subjects receiving a teaching intervention 
(experimental group) will fixate on educationally salient features sooner than will 
control subjects. The experimental group will fixate on these features more often, 
as well as have a higher fraction of viewing time on the educational points that 
we define for them. This is in direct contrast to their behavior with regards to 
visually salient features, as we draw the attention of the learner away from visual 
salience and towards educationally salient ones. We postulate that the 
experimental group’s entry time for the visually salient features will decrease 
along with a reduction in the number of fixations and dwell time.   
  
Methods 
 Subjects between the ages of 18 and 64 were recruited for this study. 
They were screened for any cognitive or neurological deficits as well as corrected 
vision to 20/20. All screening was done verbally through subject self-report. 
Exclusion criteria included the presence of any of these deficits or not having 
corrected vision to 20/20 through contacts or glass. Randomly generated 
numbers were assigned to each subject in the order that they called to sign up 
for the study. Subjects were then assigned to alternating groups (experiment or 
control) as they came in for testing. Each subject was given their own choice of 
time of day to come in for testing and compensated $25 for time and travel 
expenses.  
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 For the purposes of our study we used the SensoMotoric Instruments 
(SMI, Boston, MA) package that includes the Red-m remote eye tracker. This 
particular system was chosen for its minimally invasive setup. The Red-m allows 
for collection of binocular gaze and pupil size data along with free head 
movement within an area of 32cm by 21cm at a distance of 60 cm. It also allows 
for variations in distances from 50cm to 75cm from the camera. The camera has 
a spatial resolution of 0.1 degree of visual angle, and a sampling rate of 120Hz. 
The SensoMotoric Instruments package also includes their Experiment Suite, 
including Experiment Center for presenting stimuli and collecting data as well as 
the software program BeGaze for the purposes of data analysis. BeGaze utilizes 
a dispersion-based algorithm in order to render raw gaze data into fixations and 
saccades. We chose a 1-degree visual angle for our maximum dispersion, which 
is the greatest suggested distance (Salvucci, 2000).   
 Six line-drawing images of cells (Figure 1) from the book Cell Fine 
Structure by Thomas L. Lentz were chosen as the stimuli for this experiment. All 
images are black and white line drawings with similar contrast patterns. All 
images were as close to 1600x900 pixels as possible without distorting the image 
when fit to the screen. The background color was set to white to blend the 
background into the edges of the images where the images did not cover the 
whole screen. It was important to make some of the images similar enough to 
each other that at first glance it would take some cognitive processing by of the 
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subject in order to determine which image was each cell. Half of the cells were 
muscle cells consisting of a square shape and sarcomeres, which could easily 
allow them to be identified as this specific group of cells. The other 3 cells were 
different types of cells with an oblong shape and varying densities of intracellular 
inclusions and organelles. Again, the similarities allowed for these 3 oblong cells 
to be grouped together. However, overall these cells were less similar to each 
other than the square cells were to each other.  
 
Figure 1: Side by side comparison slide used during teaching phase with the 
actual names given to the cells, in parenthesis, added to the image. No identification, other 
than Cell #, was present during the intervention. 
 
Images were presented on the SMI laptop with a 1600x900 pixel 
(35cmx20cm). For baseline determination, each image was presented once for 
10 seconds each separated by a 2000ms inter-stimulus interval, during which a 
crosshair appeared in the center of the screen to bring the subject’s eye back to 
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the center of the screen. Images were presented in random order for each 
subject to help avoid any unintended presentation order bias. Following baseline 
determination the Experimental (teaching) group was instructed to learn the cells 
using a printed manual in which each cell was labeled with appropriate labels 
and arrows to direct the gaze of the learner towards the key salient features 
required for correct identification of the cell (Figure 2). During this study period 
each cell was identified with a number (1-6) (Figure 1), which the subject had to 
memorize for the next part of the study. The Control (no teaching) group was 
also given a manual to view the images during the study period, but the images 
in this manual were not labeled with any information besides the cell number (1-
6) (Figure 3).  The Control subjects therefore had to determine on their own how 
to identify and differentiate the cells. All subjects were given unlimited time to 
view the images to allow them to advance at their own pace. 
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Figure 2: Sample of labeled slide used during the education of the experimental 
(educated) group. 
 
 
Figure 3: Sample of unlabeled slide during the "study period" of the control 
(uneducated) group. 
The last part of the experiment was the same for both the 
Experiment and Control groups. In this phase, each cell was presented 
three times in different orientations. Changes in image orientation were 
chosen in order to help alleviate artificial trends in fixation patterns caused 
by seeing the same exact image over again (Figure 4). The first set of 
presentations involved showing all 6 images in random order but rotated 
180 degrees from the original presentation. They were then presented 
again but flipped over the horizontal axis and then rotated 180-degrees. 
The final presentation was given in the original orientation. Each set of 6 
was grouped together but presented in random order.  
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Figure 4: Side by side of the images used during the baseline phase and the 
testing phase. Upper left image was presented during the baseline phase. During 
testing the upper right image was shown during the 180-degree rotation segment 
followed by the lower left during the Horizontal&180 rotation segment and finally, 
the lower right during the original orientation final segment. 
 
During this time the subject was asked to press the number on the keypad 
that corresponds to cell identification. For example, if they thought it was cell 1 
they pressed 1 on the keypad. As in the baseline phase of the experiment, 
images were presented with 10 second of viewing time with 200ms inter-
stimulus. This allowed the subject time to continue viewing the image and 
11 
 
change their answer if they changed their mind as often as desired, until the 10 
seconds was complete. 
 
Figure 5: Flow chart of experiment progressing from baseline to the final 
presentation of the image. 
 
Subjects’ eye positions relative to the screen were calibrated using a 
standard protocol, and their gaze patterns were recorded through the entirety of 
the experiment (Baseline, Teaching, and Testing phases). All gaze data was 
exported out of BeGaze with the first 250ms of data removed from each image to 
help eliminate saccadic delay and leftover fixation from the inter-stimulus interval. 
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The 250ms saccadic latency time chosen is consistent with previous finding 
reported by Hoffman and Subramaniam (Hoffman, 1995).  
Exported data is segmented based on Areas of Interest (AoI) (Table 6).  
There were three general types of AOIs: labeled Educationally Salient AOIs, 
unlabeled Educationally Salient AOIs, and visually salient AOIs. Labeled 
Educationally Salient AOIs corresponded to the features that were specifically 
identified with label lines in the training manual. Unlabeled Educationally Salient 
AOIs are the same features in other parts of the cell, not explicitly labeled in the 
manual. For example, mitochondria between sarcomeres is labeled in one spot 
on the cell in the training manual and all other mitochondria between sarcomeres 
are grouped together generically in our analysis.  The location identified in the 
manual is given its own specific label (i.e., a Labeled Educationally Salient AOI) 
while all other mitochondria with the same position labeled separately, allowing 
them to be grouped together as one discontinuous AoI (Unlabeled Educationally 
Salient AOI). We also labeled the nucleus in all cells as an in cell comparison of 
a Visually Salient AoI, as it was the most obvious feature in every cell.  Recall 
that the Educationally Salient features are labeled only in the manual viewed by 
the Experimental group; none of the features are labeled in any way in the 
manual viewed by the Control group of subjects. 
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Figure 6: Sample of AoIs for Square 2/Cell 5: The nucleus is considered visually 
salient. ED – Mito1 and ED – Mito2 are both explicitly labeled in the training period 
and are therefore Labeled Educationally Salient features. The Mito AoIs are not 
labeled during the training period but are identical in location as ED – Mito2 and 
are therefore Unlabeled Educationally Salient features. 
 
Tracking ratios 
In this system and other eye tracking setups, tracking ratios are 
determined over the course of an entire experiment. Tracking ratios are a 
measure of how much of the experimental presentation time is recorded. This is 
often presented as a percentage. Loss of tracking is typically due to the subject 
moving outside of the camera recording area or blinking. Some subjects 
occluded the camera’s vision with their hands when keying in answers In order to 
help lessen subject elimination from data analysis due to poor tracking ratios, net 
dwell time was used to determine the ratio for individual images. Net dwell time is 
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a measure of all elapsed raw data inside a given area of interest. When summing 
all AoIs together, including white space (i.e., regions of the image not designated 
as any AoI), a total amount of recorded time is determined. This was divided by 
total viewing time to the closest millisecond to give a tracking ratio, or percentage 
of total possible time that was actually recorded for the image [Tracking ratio = 
Summed net recorded dwell times / Total viewing time].  
When the tracking ratio fell below 70% for any image in a given analysis, 
the subject was removed from that analysis as follows:  if all 3 testing stimuli are 
being compared to the baseline concurrently then all 4 must have a tracking ratio 
of at least 70% in order for the subject to be included in the analysis. However, if 
just one orientation is being compared to the baseline, only that orientation and 
the baseline orientation image are required to be above 70% tracking ratios, 
even if the other two are not. The exception to this is when, to evaluate fraction of 
viewing time, we focused solely on the subject’s behavior up until the point the 
subject answered. In those cases, quantitatively the actual amount of time 
missing due to poor tracking is smaller when looking at the interval up until the 
subject answered. However, due to the speed of answers (often less than 2 
seconds), the ratio of missing time was relatively larger due to the shorter view 
time. This led to poor tracking ratios in these data, so in order to preserve an 
adequate sample size we were forced to accept a tracking ratio cutoff of 50% 
until subject answer and 80% for full viewings. 
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Hypothesis testing 
The following hypotheses are tested in this study, with specific predictions listed 
below: 
 Hypothesis 1:  Experimental group will attend more closely to 
educationally salient features then will the control group. 
 Hypothesis 2: Control group will attend more closely to visually salient 
features then will experimental group 
 Hypothesis 3: The experimental group will attend more closely to 
educationally salient features after training when compared to their own behavior 
at baseline. The control group will remain constant. 
The variables used to examine attention levels include entry time, glances, 
and fraction of total viewing time (net dwell time normalized to total stimulus 
viewing time), and are described in detail below.  Earlier entry time, increased 
number of glances, and increased net dwell time indicate higher levels of 
attention (i.e., “attend more closely”). Therefore: 
Hypothesis 1 predictions: Experimental group will have a lower entry time 
on educationally salient features when compared to the control group. The 
number of glances at educationally salient features will increase for the 
educationally salient group to be greater than the control. Fraction of viewing 
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time within educationally salient AoIs will increase for the experimental group to 
be greater than the control group 
Hypothesis 2 predictions: Control group will have a lower entry time on 
visually salient features when compared to experimental group. The number of 
glances at visually salient features will remain constant for control group while 
experimental group glances will decrease, resulting in a greater number of 
glances at visually salient features by control than by experimental. Fraction of 
viewing time within visually salient AoIs will remain constant for control group and 
decrease for experimental, giving the control group a greater fraction of viewing 
time on visually salient features. 
Hypothesis 3 predictions: Experimental group will have a faster entry time 
on educationally salient features after training when compared to their baseline. 
For the experimental group, the number of glances at educationally salient 
features will increase post training and the fraction of viewing time on 
educationally salient features will increase post training. In contrast, the control 
group will show no change in their behavior with regard to these features 
because they were not trained to look at them. 
Variables 
Entry time is a measure of elapsed time from when the image is first 
visible until the subject enters the Area of Interest (AoI). It is an important 
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variable in the evaluation in education. If trained subjects attend to educationally 
salient features earlier than untrained subjects do, this indicates that the former 
are using cognitive processes to actively seek educationally salient features. 
However, if the two show no difference then the educational process did not 
cause a change in active searching for the educated group. Comparisons of 
entry times between groups were done using Student’s t-tests. Entry time for 
each AoI in a given image in the testing phase was individually compared with 
the entry time for the same AoI at baseline, to determine whether or not the 
educational intervention period caused changes in entry time within a subject 
group. Educationally salient features were pooled together to get the lowest entry 
time to an educationally salient feature. The entry times were also compared 
across treatment groups to see if the data showed more change in one group or 
the other. For example, entry time may change for both groups, so our analysis 
examined whether the entry time change differed between groups.  
Glances are the number of times the subject looks at a given AoI. For 
example, if an individual looks at an apple on a table, looks away, and then looks 
at the apple again, they have looked at the apple twice and therefore have a 
glance count of two. Glances show similar information as entry time but instead 
of looking at the feature sooner, a more attentive subject looks at the feature 
more often in order to identify the cell. We use Student’s t-tests to compare the 
number of glances at individual and grouped educationally salient stimuli by both 
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groups.  In this case all orientations were directly compared to the baseline and 
to the same orientations between groups. For example, the glance count for the 
experimental group when they examined the 180 rotation of Oblong 3 in the 
testing phase was compared to the glance count at baseline by the experimental 
group as well as the glance count in the 180 rotation of Oblong 3 by the control 
group. A subject’s data was removed when they did not reach 70% for their 
tracking ratio. When there was not enough data to reach statistical power using a 
t-test the data was averaged but no statistical test was performed.   
 Net Dwell Time is the total amount of time the eye is within an AoI 
measured from raw data, including both fixations and saccades. To normalize net 
dwell time for each individual, net dwell time is divided by total viewing time (how 
long the image was shown) to give a fraction of total viewing time that the subject 
looked inside a given AoI. This was used for all comparisons. When net dwell 
time is calculated in the testing phase, total viewing time was considered to be 
the amount of time until the subject submitted their final answer. In this case we 
compare the fraction of time spent on an AoI during the baseline to the fraction of 
time spent on the AoI in the testing phase. Each orientation is independently 
compared to the baseline using the students T-Test with the same test used to 
compared baseline and orientations between control and experimental groups. 
Again, if the experimental group increase the fraction of time spent on an 
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educationally salient feature they are using a cognitive process to look at a given 
feature more in order to identify the cells. 
Results   
Hypothesis 1: Experimental group will attend more closely to educationally 
salient features then will control group.  
Entry time proved to be an unreliable measure in this study. In almost 
every example, there was not enough data to reach statistical power. When 
statistical tests were possible, the trends seemed inconsistent. 
 
Table 1: Entry time on Triad in Square 1 comparing baseline to the original orientation in 
ms. Experimental baseline to control baseline p-value 0.216. Experimental original 
orientation to control original orientation p-value 0.023. Experimental baseline to original 
Entry Time on Unlabeled Triad Square 1 (ms) 
Experimental Control 
Subjects Baseline Original  Subjects Baseline Original  
19 2366.6 1647.2 137 345.9 348.5 
114 2914.3 - 149 - 3941.3 
270 2175.2 1338.6 285 1653.7 3830.7 
291 5195.9 2213.3       
323 890.3 642.7 488 302 5021 
      499 272.1 428.7 
      648 312.5 4340.4 
            
721 2270.7 1672.6 843 3682.3 3319.5 
838 3228.5 2668.4       
697 2029.8 -       
9 2328.6 977.2       
205 2765.3 1242.3 274 415 461.7 
668 1736.7 2531.9 482 5700.4 - 
167 9889.9 278.5 394 7575.2 6105.4 
AVG 3149.3 1521.3 AVG 2251 3088.6 
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p-value 0.025. Control baseline to original p-value 0.242. Gaps in the table indicate a 
subject that did not meet tracking ratio requirements. Dashes indicate when a subject 
doesn’t look at the feature at all. 
For one image Square 1 (Table 1) the entry time for the unlabeled educationally 
salient feature “Triad” decreased from 3149.3ms to 1521.3ms in the experimental 
group while the control group increases from 2251.0ms to 3088.6ms between the 
baseline and the final viewing, original orientation. When comparing the two 
baselines there is no statistically significant difference (p=0.216), however 
comparing control to experimental in the original orientation we do see 
significance (p=0.023), with the experimental group viewing this AoI significantly 
faster during the testing phase than at baseline. This is one of only two 
educationally salient features to reach statistical power and significance. The 
trend of experimental entry time becoming faster after training is seen in other 
images and orientation. The images that do not show the trend in numerical data 
tend to have a high dropout of control subjects viewing the AoI at all which skews 
the data. 
When pooling educationally salient features for the fastest entry time to 
any educationally salient feature of Oblong 2 we see the same trends as seen in 
“Triad” of Square 1 (Table 2).  
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Entry time Educationally Salient Features Oblong 2 (ms) 
Experimental Control 
Subjects Baseline Original  Subjects Baseline Original  
19 2175.6 361.4 137 4625.6 - 
114 3697.7 - 149 1050.4 5935.7 
270 8552.8 811.3 285 727.4 3411.6 
291 4018.8 3095.3 290 - 3066.1 
323 1945.4 2715.9 488 2476.8 8817.7 
567 2424.8 4472.1 499 1114.6 - 
639 1074.5 1006 648 7231.9 - 
475 5116.1 1253.7       
      843 1404.1 741.4 
      978 1372 868 
            
9 2945.1 696.6 896 1443.4 - 
205 3358.1 1108 274 1272.1 - 
      482 2721.8 4632.8 
167 5564.3 - 394 994.5 - 
AVG 3715.7 1724.5 AVG 2202.9 3924.8 
Table 2: Entry time on all pooled educationally salient features of Oblong 2 comparing 
baseline to original orientation. Experimental baseline to control baseline p-value 0.042. 
Experimental baseline to original p-value 0.013. Control original orientation does not have 
enough subjects to reach statistical power. Gaps in the table indicate a subject that did 
not meet tracking ratio requirements. Dashes indicate when a subject doesn’t look at the 
feature at all. 
In this case the experimental (trained) group decreases from 3715.7ms to 
1724.5ms while control (not-trained) increases from 2202.9ms to 3924.8ms.  The 
baselines are statistically significant from each other (p=0.042) but the overall 
changes cause the experimental group to change from significantly later entry 
time than the control to an earlier entry time; however the lack of numerical data 
in the control group does not allow for statistical analysis. The same trends are 
apparent in Square 1 and Square 2 for pooled educationally salient features. In 
contrast, however, in the Oblong 1 cell the opposite trends occur.  
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Entry time on Educationally Salient Features Oblong 1 (ms) 
Experimental Control 
Subjects Baseline Original  Subjects Baseline Original  
19 4161.4 3806.2 137 1780.4 4877.8 
      149 3805.1 4183.7 
270 5270.1 876.6 285 2452.2 2263.9 
291 3036.2 3929.3 290 - 978.2 
323 9806.2 1022 488 1570.5 629.4 
      499 1196.2 1040.4 
639 982.2 1781.4 648 - 3681.9 
475 1178.8 4432.8       
721 2553.3 7694.3 843 1227.6 533.2 
838 1343.5 3185.3 978 624.4 656.4 
            
9 1761.8 8117       
205 587.1 6521.7 274 2133 - 
668 2548.5 601 482 2683.1 741.4 
167 1480.5 - 394 977.3 - 
AVG 2892.5 3815.2 AVG 1845 1958.6 
Table 3: Entry time on educationally salient features of Oblong 1 comparing baseline to 
original orientation. Experimental baseline to control baseline p-value is 0.119. 
Experimental original to control original p-value 0.038. Experimental baseline to original p-
value 0.205. Control baseline to original p-value 0.427. Gaps in the table indicate a subject 
that did not meet tracking ratio requirements. Dashes indicate when a subject doesn’t look 
at the feature at all. 
For Oblong 1 (Table 3), experimental entry time increases from 2892.5ms to 
3815.2ms while control increases from 1845.0ms to 1958.6ms causing the 
experimental group to become significantly slower than the control (p=0.039). 
Similar results are seen in Square 3 where the experimental group finds 
educationally salient features slower than the control. 
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Which group is faster at entering educationally salient AoIs? 
 
Educationally Salient AoI 180 Horizontal&180 Original 
Oblong 
1 
Fingerlike Projections C E C 
L - Vacuole1 C E C 
L - Fingerlike Projections E E C 
L - Vacuole2 C E C 
Pooled Salient E E C (s) 
Oblong 
2 
Fold E E E 
Attach E C E 
L - Attach1 E E E 
L - Attach 2 E C C 
Pooled Salient E C E 
Oblong 
3 
Border E E E 
L - Tonofilament E C C 
L - Ridge and Spine - E E 
L - Granules C E C 
Pooled Salient E E E 
Square 
1 
Triad E C E (s) 
L - Triad C C E 
L - Mito C C (s) C 
Pooled Salient C C (s) C 
Square 
2 
Mito C C E 
L - Mito1 E C E 
L - Mito2 C C C 
Pooled Salient C C E 
Square 
3 
L - Mito C C C 
L - Disk E E C 
Pooled Salient C C C 
Table 4: Summary of which group is faster at entering educationally salient features. 
“Pooled Salient” is a compilation of the fastest entry time over all educationally salient 
features. The preceding AoIs are the different educationally salient features with “L” 
preceding the ones that are labeled and no prefix for unlabeled. “C” indicates when the 
control is faster, “E” is when experimental is faster. A “C” or “S” followed by “(s)” 
indicates where statistical significance found.  
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Number of times each group is faster for a given 
orientation. 
  Group 180 Horizontal&180 Original 
Total 
Individual 
Experimental 10 10 9 
Control 9 10 11 
Total 
Pooled 
Experimental 3 2 3 
Control 3 4 3 
Total 
Oblong 
Individual 
Experimental 7 9 5 
Control 4 3 7 
Total 
Oblong 
Pooled 
Experimental 3 2 2 
Control 0 1 1 
Total 
Square 
Individual 
Experimental 3 1 4 
Control 5 7 4 
Total 
Square 
Pooled 
Experimental 0 0 1 
Control 3 3 2 
Table 5: Tally of how many times the control or experimental group is faster for the 
different orientations. For each section there is first a count for the individual features 
followed by pooled for fastest entry time across all educationally salient features. The 
Totals are then broken down between the Oblong and the Square cells. 
 Table 4 is a summary of entry time comparing experimental to control in 
order to identify which group is faster at entering educationally salient features. 
Table 5 displays a tally of how many times each group is faster. Altogether, the 
two groups do not trend differently, half the time the experimental group is faster, 
the other half the control group is faster. However, when focusing only on the 
oblong cells the experimental group tends to have a faster entry time for the 180 
and horizontal&180 orientations. When pooled together the experimental group is 
faster for all 3 oblong cells in the 180 orientations and 2 out of 3 oblong cells for 
the other two orientations. In contrast to this, the control group is faster more 
often for the 180 and horiziontal&180 orientations of the square cells while the 
original orientation is the same in both groups. Pooled educationally salient 
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features for square cells also shows the control group being faster with the 
exception of one cell in the original orientation. Overall, the trend in the oblong 
cells indicates support for the prediction one as the experimental group is faster 
at entering educationally salient features. The square cells on the other hand do 
not support the hypothesis as the control group is faster. 
Glances 
 Glances at educationally salient features reached statistical power more 
often than entry time. After the training process, for many of the images the 
experimental group exhibited more glances at educationally salient features 
when compared to control. 
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Glances at Labeled Fingerlike Projections Oblong 1 
Experimental Control 
Subjects Baseline Original  Subjects Baseline Original  
19 0 1 137 0 0 
      149 0 0 
270 0 1 285 0 0 
291 0 1 290 0 1 
323 0 0 488 1 0 
      499 0 0 
639 1 0 648 0 0 
475 0 0       
721 0 1 843 1 0 
838 0 1 978 2 1 
            
9 0 0 896 0 0 
205 0 0 274 0 0 
668 1 2 482 0 0 
167 0 0 394 0 0 
AVG 0.1667 0.5833 AVG 0.3077 0.1538 
Table 6: Glances at labeled educationally salient feature fingerlike projections of Oblong 1 
comparing baseline to original. Experimental baseline to control baseline p-value 0.256. 
Experimental original to control original p-value 0.029. Experimental baseline to original 
0.038. Control baseline to original 0.229. Gaps in the table indicate a subject that did not 
meet tracking ratio requirements. 
The exception to this trend is seen in the labeled educationally salient feature 
Fingerlike Projections for the original orientation after training for Oblong 1 (Table 
6). In this case the average number of glances for experimental increases from 
0.167 to 0.583 while control decreases from 0.308 to 0.154 causing the trained 
group to have significantly more glances (p=0.029) than the control group. Closer 
inspection of the data shows that the number of people looking at the feature is 
increasing in the trained (2 during baseline and 6 during the original orientation 
test), and decreasing from 3 to 2 in the control group. This same trend is seen in 
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a number of different labeled and unlabeled educationally salient features. There 
is no case in which the number of glances is greater for the control group and is 
significantly different. When pooled together the number of glances at 
educationally salient features is not greater in the experimental group for Oblong 
3 and all square cells. 
Glances at Educationally Salient Features Oblong 1 
Experimental Control 
Subjects Baseline Horizontal Subjects Baseline Horizontal 
19 2 4 137 2 0 
114 2 3       
270 2 2 285 3 3 
291 2 4 290 0 0 
323 1 4 488 2 4 
      499 8 0 
639 2 6 648 0 2 
475 3 1       
721 1 5 843 5 3 
      978 6 1 
697 3 0       
9 4 3       
      274 3 0 
      482 2 3 
167 4 4 394 5 2 
AVG 2.363636 3.272727 AVG 3.272727 1.636364 
Table 7 Glances at educationally salient features of Oblong 1 comparing baseline to 
horizontal&180. Experimental baseline to control baseline p-value 0.138. Experimental 
horizontal&180 to control horizontal&180 p-value 0.014. Experimental baseline to 
horizontal&180 p-value 0.075. Control baseline to horizontal&180 p-value 0.039. Gaps in 
the table indicate a subject that did not meet tracking ratio requirements. 
In the Oblong 1 cell (Table 7) the experimental group increases the number of 
glances at educationally salient features from 2.364 pre-training to 3.273 post-
training, while control decreases from 3.273 to 1.636, leading to a significant 
difference post training glance count(p=0.014), with similar results in Oblong 2. 
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Which group has more glances at educationally salient AoIs? 
   Educationally Salient AoI 180 Horizontal&180 Original 
Oblong 
1 
Fingerlike Projections C E E (s) 
L - Vacuole1 E E E 
L - Fingerlike Projections E E (s) E (s) 
L - Vacuole2 E E E 
Pooled Salient E E (s) E (s) 
Oblong 
2 
Fold E E E 
Attach E (s) E (s) E 
L - Attach1 E E E 
L - Attach 2 E E E (s) 
Pooled Salient E (s) E (s) E (s) 
Oblong 
3 
Border C E E 
L - Tonofilament E C E 
L - Ridge and Spine - C E (s) 
L - Granules C E (s) E 
Pooled Salient E E E 
Square 
1 
Triad C E E 
L - Triad E C E 
L - Mito C C C 
Pooled Salient C C E 
Square 
2 
Mito - E C 
L - Mito1 E E E 
L - Mito2 C C E 
Pooled Salient E E E 
Square 
3 
L - Mito C C C 
L - Disk E (s) E C 
Pooled Salient E C C 
Table 8: Summary of which group glances at educationally salient features more. “Pooled 
Salient” is a compilation all glances for all educationally salient features in that image. The 
preceding AoIs are the different educationally salient features with “L” preceding the ones 
that are labeled and no prefix for unlabeled. Each individual feature is evaluated by 
themself and pooled together for total glances at educationally salient features. “C” 
indicates control, “E” experimental and “(s)” statistical significance. 
 
 
29 
 
Number of times each group has more glances in given 
orientation. 
  Group 180 Horizontal&180 Original 
Total 
Individual 
Experimental 11 14 16 
Control 7 6 4 
Total 
Pooled 
Experimental 5 4 5 
Control 1 2 1 
Total 
Oblong 
Individual 
Experimental 8 10 12 
Control 3 2 0 
Total 
Oblong 
Pooled 
Experimental 3 3 3 
Control 0 0 0 
Total 
Square 
Individual 
Experimental 3 4 4 
Control 4 4 4 
Total 
Square 
Pooled 
Experimental 2 1 2 
Control 1 2 1 
Table 9: Tally of how many times the control or experimental group has more glances at 
individual and pooled educationally salient feature for each orientation. The total is 
subsequently broken down between the oblong and square cells. 
 As evident by tables 8 and 9 the experimental group has more glances at 
educationally salient features, overall. The experimental group has more glances 
nearly twice as often in the 180 orientation and more than twice as often in both 
the horizontal&180 and original orientation for all educationally salient features. 
When pooled together the experimental group continuous to have more glances 
in 5 of 6 images in the 180 and original orientation and 4 of 6 for the horizontal 
and 180 orientation. Interestingly, when broken into oblong and square 
subgroups the trend is only apparent in the oblong cell where the experimental 
has more glances for both individual and pooled educationally salient features. 
Square on the other hand shows no difference between the groups. Therefore, 
the oblong subgroup supports the predictions again as experimental group does 
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have more glances post training but the square subgroup does not support the 
prediction since neither group does has a higher glance count more often. 
Dwell time 
 Fraction of total viewing time (normalized net dwell time) showed no 
significance between groups for educationally salient features for Oblong 1 and 
Squares 1 and 2 after training. The others images show a higher fraction of 
viewing time spent on educationally salient features in the experimental group 
post training. 
Fraction of Total Viewing Time on one unlabeled Educational 
Salient AOI (“Attach”, Oblong 2) 
Experimental Control 
Subjects Base Horizontal Subjects Base Horizontal 
19 0.024001 0 137 0.024001 0.003388 
114 0.000863 0 149 0.000863 0 
270 0.059084 0.130131 285 0.059084 0.006568 
291 0.117425 0       
323 0 0.301618 488 0 0.080698 
      499 0.003432 0 
639 0.004295 0.130412 648 0.004295 0.172999 
475 0.041111 0       
721 0 0.155827 843 0 0 
838 0.117356 0 978 0.117356 0 
697 0.078829 0.024686 840 0.078829 0.007273 
9 0.056569 0.180319 896 0.056569 0.005611 
205 0.073652 0.259746 274 0.073652 0 
668 0 0.141271 482 0 0.012585 
167 0.064253 0 394 0.064253 0 
AVG 0.045531 0.094572 AVG 0.037103 0.02224 
Table 10 Fraction of viewing time spent on unlabeled educationally salient feature Attach 
of Oblong 2 comparing baseline to Horizontal&180. Experimental baseline to control 
baseline p-value 0.300. Experimental horizontal&180 to control horizontal&180 p-value 
0.017. Experimental baseline to horizontal&180 p-value 0.060. Control baseline to 
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horizontal&180 p-value 0.206. Gaps in the table indicate a subject that did not meet 
tracking ratio requirements. 
For the unlabeled educationally salient feature “Attach” in the Oblong 2 cell 
(Table 10) the experimental increases how much of their viewing time is spent 
within this feature from 4.6% to 9.5% while the control decreases from 3.7% to 
2.2% with a final significant difference with a p-value of 0.017. Oblong 3 and 
Square 3 have no statistical difference post-training with only one exception in 
each case. When pooled together for time spent on educationally salient 
features, Squares 1 and 2 show no significance while Oblongs 1, 2 and 3 show a 
higher fraction of viewing time in the experimental group post training.  
Fraction of Total Viewing Time on educationally salient 
features Oblong 3. 
Experimental Control 
Subjects Base Original  Subjects Base Original  
19 0.0026 0.0516 137 0.0814 0.0082 
      149 0.0505 0.0022 
270 0.0068 0.1701       
291 0.3505 0.1333       
323 0.1389 0.2207 488 0.0522 0.0494 
567 0.0462 0.1164 499 0.0326 0.1024 
            
475 0.1122 0.0601       
721 0.0077 0.1099 843 0.2056 0.1171 
838 0.1345 0.1525 978 0.1097 0.0785 
697 0.0531 0.1037       
9 0.1842 0.1768 896 0.0077 0.0042 
205 0.1337 0.1416 274 0.0231 0.0019 
668 0.0171 0.0705 482 0.1088 0 
167 0.0326 0.0055 394 0.1405 0.0017 
AVG 0.0939 0.1164 AVG 0.0812 0.0365 
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Table 11 Fraction of total viewing time spent on educationally salient features of Oblong 3 
comparing baseline to original orientation. Experimental baseline to control baseline p-
value 0.363. Experimental original to control original p-value 0.001. Experimental baseline 
to original p-value 0.243. Control baseline to original p-value 0.041. Gaps in the table 
indicate a subject that did not meet tracking ratio requirements. 
 An example of this is seen in table 11. Experimental increases from 9.4% to 
11.6% for Oblong 3 in the original orientation while control decreases from 8.1% 
to 3.7% which causes a significant different between the groups post training 
(p=0.001). However, Square 3 shows the opposite effect.  
Fraction of Total Viewing Time on Educationally Salient 
Features Square 3 
Experimental Control 
Subjects Base Original  Subjects Base Original  
19 0.235568 0.301596 137 0.162849 0.452185 
      149 0.478198 0.262764 
270 0.243309 0.148861 285 0.340988 0.473565 
291 0.371785 0.434027       
      488 0.221073 0.265167 
      499 0.172258 0.254084 
639 0.235662 0.279369       
475 0.684552 0.302126 860 0.24347 0.646608 
            
      978 0.159371 0.319557 
697 0.384964 0.220739       
9 0.203102 0.486179       
205 0.280027 0.41076 274 0.283743 0.548615 
668 0.359043 0.121715 482 0.201408 0.553994 
167 0.158135 0.102857 394 0.040281 0.564566 
AVG 0.315615 0.280823 AVG 0.230364 0.434111 
Table 12 Fraction of total viewing time spent on educationally salient features of Square 3 
comparing baseline to original orientation. Experimental baseline to control baseline p-
value 0.088. Experimental original to control original p-value 0.013. Experimental baseline 
to original p-value 0.296. Control baseline to original p-value 0.002. Gaps in the table 
indicate a subject that did not meet tracking ratio requirements. 
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In this case the experimental group decreases from 31.6% to 28.1% while control 
increases from 23.0% to 43.4% and is significantly different post training in the 
original orientation (p=0.013). 
Which group spends a greater fraction of time on educationally salient 
AoIs? 
   Educationally Salient AoI 180 Horizontal&180 Original 
Oblong 
1 
Fingerlike Projections E E E 
L - Vacuole1 E E E 
L - Fingerlike Projections E E E 
L - Vacuole2 E E C 
Pooled Salient E E E 
Oblong 
2 
Fold 
E 
(s) E (s) C 
Attach 
E 
(s) E (s) E (s) 
L - Attach1 - C C 
L - Attach 2 E E C 
Pooled Salient 
E 
(s) E (s) E 
Oblong 
3 
Border E E E (s) 
L - Tonofilament E E C 
L - Ridge and Spine E E E 
L - Granules C E E (s) 
Pooled Salient E E (s) E (s) 
Square 
1 
Triad E E E 
L - Triad E C E 
L - Mito C C C 
Pooled Salient E C C 
Square 
2 
Mito C C E 
L - Mito1 C C C 
L - Mito2 C E E 
Pooled Salient C C C 
Square 
3 
L - Mito C C C (s) 
L - Disk E E C 
Pooled Salient C C C (s) 
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Table 13: Summary of which group spent a higher percentage of their time on the 
individual educationally salient features as well as all these features pooled together. 
“Pooled Salient” is a compilation of all dwell times on all educationally salient features in 
that image. The preceding AoIs are the different educationally salient features with “L” 
preceding the ones that are labeled and no prefix for unlabeled. “E” indicates when the 
experimental group used a higher fraction while “C” stands for control with a “(s)” when 
the difference between the groups is significant. 
 
Number of times each group has more dwell time in given 
orientation. 
  Group 180 Horizontal&180 Original 
Total 
Individual 
Experimental 13 14 11 
Control 6 6 9 
Total 
Pooled 
Experimental 4 3 3 
Control 2 3 3 
Total 
Oblong 
Individual 
Experimental 10 11 7 
Control 1 1 5 
Total 
Oblong 
Pooled 
Experimental 3 3 3 
Control 0 0 0 
Total 
Square 
Individual 
Experimental 3 3 4 
Control 5 5 4 
Total 
Square 
Pooled 
Experimental 1 0 0 
Control 2 3 3 
Table 14: Tally of how many times the experimental or control group used a greater 
fraction of their viewing time dwelling on educationally salient features. Totals for 
individual features and pooled features are at the top, they are subsequently broken down 
into oblong and square groups. 
 For individual educationally salient features the experimental group tends 
to use a higher fraction of their time dwelling on these features as indicated by 
13, 14 and 11 out of 20 features with experimental group spending more time 
when all images are looked at together (Tables 13 and 14). When all features are 
pooled together in an image and all images are analyzed together neither group 
tends to spend a higher fraction of their time. However, when broken into square 
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and oblong subgroups the experimental group spending a greater fraction of their 
time for 10, 11 and 7 out of 12 features in the oblong subgroup which continues 
into the pooled features as the experimental group always spends a higher 
fraction of time. In contrast to this the square subgroup shows a tendency for the 
control group to use a higher fraction of time for individual features and for all but 
one image in the 180 orientation when they are pooled together. 
 The prediction is upheld when focusing on the trend of the individual 
educationally salient features with the experimental group tending to have a 
greater fraction of time spent on these features. This is continued when oblong 
cells are segregated out in both the individual features as well as when the 
features are pooled. However, the square cells do not support the predictions as 
the control group spends a greater fraction when all features are pooled and 
slightly more when they are separate. Also, when all the images are looked at 
together neither group has a higher tendency to spend a higher fraction of time 
on the features when they are all pooled together. 
Hypothesis 2: Control group will attend more to visually salient features 
than will the experimental group. 
Entry time 
 Entry time into visually salient features showed no significant differences 
post training in Oblongs 2 and 3, Squares 1, 2 and 3 and most of Oblong 1. 
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Entry Time into Nucleus Oblong 1 (ms) 
Experimental Control 
Subjects Baseline Original  Subjects Baseline Original  
19 291.1 261.2 137 387.4 431.8 
      149 1686.5 588.4 
270 273.6 - 285 967.4 450.9 
291 338.9 2836.5 290 3683 2087.7 
323 347.1 2123.1 488 436.2 812.9 
      499 - 306.4 
639 314.9 555.2 648 459.1 387 
475 1612.6 545.8       
721 1110.2 2675 843 4063.6 349.7 
838 300.7 2623.4 978 7723 306.2 
            
9 2354 3037       
205 2689.2 1466.7 274 364.5 312.9 
668 655 4271.1 482 5811.1 382.8 
167 3741.1 478.2 394 2829.1 441.1 
AVG 1169 1897.6 AVG 2582.8 571.48 
Table 15 Entry time on visually salient Nucleus of Oblong 1 comparing baseline to original. 
Experimental baseline to control baseline p-value 0.046. Experimental original to  control 
original p-value 0.002. Experimental baseline to original p-value 0.088. Control baseline to 
original p-value 0.006. Gaps in the table indicate a subject that did not meet tracking ratio 
requirements. Dashes indicate when a subject doesn’t look at the feature at all. 
In Oblong 1 (Table 15), entry time on the visually salient features by the 
experimental group is later (from 1169ms to 1897.6ms) while the control group 
entry time is earlier (from 2582.8ms to 571.48ms) in the original orientation post 
training. This is the only significant difference post training for visually salient 
features (p=0.002).  
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a 
Which group is faster at entering visually salient AoI 
"nucleus" 
  180 Horizontal&180 Original 
Oblong 1 E E C (s) 
Oblong 2 E C E 
Oblong 3 E C C 
Square 1 C C E 
Square 2 C C C 
Square 3 C C C 
b 
   
Total Experimental 3 1 2 
Total Control 3 5 4 
Total Oblong 
Experimental 3 1 1 
Total Oblong Control 0 2 2 
Total Square 
Experimental 0 0 1 
Total Square Control 3 3 2 
Table 16 Summary of which group is faster at entering visually salient features. Table A is 
which group is faster, “E” for experimental and “C” is control with “(s)” indicating 
significance. Table B is a tally of how many time each group is faster for the given 
orientation for all images and then broken down into Oblong and Square cells. 
Table 16 shows that the experimental entry time on the nucleus is slower for 12 
of the 18 orientation and cell combinations. Overall, the trends support the 
prediction for hypothesis two, that the control group will enter the visually salient 
feature “Nucleus” faster than experimental. The only exception is the 180 
orientation for the oblong cells which is the only time the experimental group is 
faster more often. 
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Glances 
 Glances at visually salient features showed no significance for any image 
except for Oblong 1(Table 17).  
Number of Glances at Visually Salient Feature (Nucleus) 
Oblong 1 
Experimental Control 
Subjects Baseline Original  Subjects Baseline Original  
19 7 5 137 3 10 
      149 5 6 
270 3 0 285 5 5 
291 6 2 290 1 2 
323 3 2 488 7 6 
      499 0 5 
639 5 5 648 7 6 
475 5 6       
721 6 3 843 1 4 
838 6 6 978 2 7 
            
9 2 3 896 3 3 
205 4 5 274 4 5 
668 5 2 482 1 10 
167 2 7 394 3 4 
AVG 4.5 3.833333 AVG 3.230769 5.615385 
Table 17 Number of glances at visually salient Nucleus of Oblong 1 comparing baseline to 
original.  Experimental baseline to control baseline p-value 0.065. Experimental original to 
control original p-value 0.030. Experimental baseline to original p-value 0.201. Control 
baseline to original p-value 0.008. Gaps in the table indicate a subject that did not meet 
tracking ratio requirements. 
For the original orientation post training the control group has an increase in the 
average number of glances at the Nucleus from 3.23 to 5.61 while the 
experimental group drops from 4.5 to 3.83 glances. The final difference between 
the two groups in the original orientation is significant (p=0.030). However, when 
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looking at the 180-degree rotation of Oblong 1 (Table 18) the opposite trend is 
seen. 
Number of Glances at Nucleus Oblong 1 
Experimental Control 
Subjects Baseline 180 Flip Subjects Baseline 180 Flip 
19 7 9 137 3 5 
114 4 8 149 5 7 
270 3 4 285 5 8 
291 6 7 290 1 3 
323 3 8 488 7 5 
      499 0 0 
639 5 7 648 7 7 
475 5 6       
721 6 6 843 1 0 
838 6 5 978 2 4 
            
9 2 7       
205 4 6 274 4 5 
668     482 1 5 
167 2 6 394 3 6 
AVG 4.416667 6.583333 AVG 3.25 4.583333 
Table 18: Number of glances at visually salient nucleus of Oblong 1 comparing baseline to 
180 rotations. Experimental baseline to control baseline p-value 0.089. Experimental 180 to 
control 180 p-value 0.013. Experimental baseline to 180 p-value of 0.001. Control baseline 
to 180 p-value of 0.099. Gaps in the table indicate a subject that did not meet tracking ratio 
requirements. Dashes indicate when a subject doesn’t look at the feature at all. 
For this orientation the control group increases from 3.25 to 4.58 and 
experimental increases from 4.42 to 6.58 glances, on average. Overall, the 
experimental group increases more than the control causing the experimental 
group to have significantly more glances than the control (p=0.013) after training. 
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a 
Which group is looks at visually salient AoI "nucleus" 
  180 Horizontal&180 Original 
Oblong 1 
E 
(s) C C (S) 
Oblong 2 C C C 
Oblong 3 E C C 
Square 1 E C C 
Square 2 - E E 
Square 3 C - E 
b 
   
Total Experimental 3 1 2 
Total Control 2 4 4 
Total Oblong 
Experimental 2 0 0 
Total Oblong Control 1 3 3 
Total Square 
Experimental 1 1 2 
Total Square Control 1 1 1 
Table 19 Summary of glances at visually salient nucleus. Table A, which group has more 
glances “E” for experimental, “C” for control and “(s)” when the difference is significant. 
Dash indicates when there is no difference. Table B is a tally of how many times each 
group has more glances for all images and then broken down into the two subgroups, 
oblong and square. 
 With the exception of the 180 degree rotation the control group had more 
glances at visually salient features with 4 of 6 images for horizontal&180 and 
original orientation (Table 19). This trend continues into the oblong subgroup with 
the control glancing more at visually salient features for 3 of 3 oblong images in 
the horizontal&180 and original orientations. For the 180 oblong orientations and 
all the square cells the experimental group has more glances as often or close to 
as often as the control group. Overall, the horizontal&180 and original 
orientations of the oblong cells is consistent with our predictions as the control 
41 
 
group has more glances at visually salient features more often but the square 
and the oblong 180 are not consistent with our prediction,  
Dwell time 
 With respect to fraction of total viewing time (normalized dwell time), there 
is no significant difference between the control and experimental in the 3 square 
cells for fraction of time spent on visually salient features after train. The control 
group does spend a higher fraction of their time on visually salient features in the 
3 oblong cells. 
Fraction of Total Viewing Time on Nucleus Oblong 3 
Experimental Control 
Subjects Base Original  Subjects Base Original  
19 0.51467 0.378403 137 0.236349 0.528228 
      149 0.198818 0.694695 
270 0.297411 0.103848       
291 0.054007 0.15906       
323 0.335104 0.128802 488 0.412847 0.093188 
567 0.501817 0 499 0.27685 0.240177 
            
475 0.257815 0.261415       
721 0.429388 0.026945 843 0.271496 0.360819 
838 0.156857 0.058034 978 0.299959 0.270983 
697 0.218504 0.038267       
9 0.231371 0 896 0.318771 0.476503 
205 0.237478 0 274 0.605148 0.471346 
668 0.389641 0 482 0.267204 0.241389 
167 0.328856 0.381126 394 0.310126 0.583816 
AVG 0.304071 0.118146 AVG 0.319757 0.396114 
Table 20 Fraction of total viewing time spent on visually salient Nucleus of Oblong 3 
comparing baseline to original orientation.  Experimental baseline to control baseline p-
value 0.385. Experimental original to control original p-value 0.0003. Experimental baseline 
to original p-value 0.001. Control baseline to original p-value 0.142. 
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For example (Table 20), the control group has an increase in fraction of viewing 
time spent on the visually salient feature, Nucleus, from 32.0% to 39.6% and the 
experimental group decreases from 30.4% to 11.8% in the original orientation for 
Oblong 3, indicating a significant difference between the two groups (p=0.0003) 
in the original orientation, post training. 
Sub-table A 
Which group dwells more on visually salient AoI "nucleus" 
  180 Horizontal&180 Original 
Oblong 1 
C 
(s) C C (s) 
Oblong 2 
C 
(s) C C (s) 
Oblong 3 
C 
(s) C (s) C (s) 
Square 1 E E C 
Square 2 C C E 
Square 3 E C E 
Sub-table B 
   
Total Experimental 2 1 2 
Total Control 4 5 4 
Total Oblong 
Experimental 0 0 0 
Total Oblong Control 3 3 3 
Total Square 
Experimental 2 1 2 
Total Square Control 1 2 1 
Table 21: Sub-table A is a summary of which group spend a higher fraction of time spent 
on the visually salient feature “Nucleus.” ”C” indicates control, “E” for experimental and 
“(s)” when the difference between groups is significant. Sub-table B is a tally of how many 
times the control or experimental spent a higher fraction of time on these features. Totals 
are done for all images and subsequently broken down into the oblong and square 
subgroups. 
 All images together (Table 21), the control group tends to spend a higher 
fraction of their time on the visually salient feature “Nucleus.” However, when 
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broken into oblong and square cells this trend is only seen in the oblong cells as 
the control group always spends a higher fraction of time on this feature. Neither 
group shows a higher tendency to spend a greater fraction of time on the nucleus 
in the square cells. 
 Overall, this does support the prediction that the control group will spend 
more time than that experimental group on visually salient features. This is 
further upheld by the control group consistently spending a greater fraction of 
time on the nucleus of the oblong cells. However, the results of the square cells 
do not support the prediction. 
Hypothesis 3: The experimental group will attend more closely to 
educationally salient features after training when compared to baseline 
while the control group remains the same 
Entry time 
 Entry time on the different educationally salient AoIs has the same issue 
as in hypothesis 1, in that the majority of AoIs did not have enough numerical 
data to reach statistical power, and most of the ones that did have statistical 
power did not show any differences. The unlabeled educationally salient AoI 
“Triad,” which showed a significant difference between groups after training 
(Table 1), is also significant within the experimental group with an earlier entry 
time in the post training original orientation when compared to the baseline 
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(p=0.025). No difference is seen between pre- and post-training for the control 
group (p=0.242). In contrast to this, the labeled educationally salient feature 
“Mito” that did not show significance between groups (p=0.329) does show it 
within groups (Table 22). 
Entry time on Labeled Mito Square 3 (ms) 
Experimental Control 
Subjects Baseline Horizontal Subjects Baseline Horizontal 
19 372 696.8 137 3305.3 287.9 
114 4245.5 286.9 149 558 330.2 
270 2872.6 633.8 285 2146.3 253 
291 310.8 549.6       
      488 729.3 531.3 
      499 3772.4 292.8 
      648 2997.3 1747.9 
            
721 2479.4 503.6 843 2565.2 671.4 
      978 261.2 1899.6 
            
9 559.5 639.9       
205 312.6 316.4 274 389 256.5 
668 735.8 3273.4 482 864.6 414.6 
167 2560.2 265.5 394 - 353.7 
AVG 1605.4 796.21 AVG 1758.9 639.9 
Table 22 Entry time on labeled educationally salient feature Mito of Square 3 comparing 
baseline to horizontal&180 rotation. Experimental baseline to control baseline p-value 
0.407. Experimental horizontal&180 to control horizontal&180 0.329. Experimental baseline 
to horizontal&180 p-value 0.090. Control baseline to horizontal&180 p-value 0.011. Gaps in 
the table indicate a subject that did not meet tracking ratio requirements. 
In this particular feature, both groups have faster entry times but the control 
group decreases more (1758.9ms to 639.9) which is a significantly different 
within the control group (p=0.011).  
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When educationally salient features are pooled together, there is no 
significance in Oblongs 1 and 3 and Square 2. Square 1 shows that the control 
group enters educationally salient features faster after the training (Table 23).  
Entry Time on Educationally Salient Feature Square 1 (ms) 
Experimental Control 
Subjects Baseline 180 Flip Subjects Baseline 180 Flip 
19 1332.2 608.3 137 345.9 907 
114 578.8 751.6 149 2883.7 284.2 
      285 1261.7 424.8 
291 2918.6 1090.3       
323 406.5 353.8       
      499 272.1 735.5 
639 2561.7 1662.8 648 312.5 324.8 
475 902.7 776.2       
721 1937 798.6 843 654.4 621.7 
            
697 1045.6 681.5       
9 1461.2 523.9       
205 863.4 327.8 274 415 469.8 
668 602.2 398.4 482 1860.3 293.9 
      394 479 265 
AVG 1328.17 724.836 AVG 942.733 480.7444 
Table 23 Entry time on educationally salient features of Square 1 comparing baseline to 
180 rotations. Experimental baseline to control baseline p-value 0.166. Experimental 180 to 
control 180 p-value 0.056. Experimental baseline to 180 p-value of 0.020. Control baseline 
to 180 p-value of 0.078. Gaps in the table indicate a subject that did not meet tracking ratio 
requirements. 
Pooled comparison of control and experimental group entry time into 
educationally salient features for Square 1 does not show significance between 
groups but the decrease in the experimental group from 1328.2ms to 724.8ms is 
significant (p=0.020) while the decrease in the control group from 942.7ms to 
480.7ms is not (p=0.078). Although both groups have faster entry times into 
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educationally salient features only the experimental group is significantly faster 
than its baseline. In contrast to this, all of the Square 3 orientations show 
significance within the control group but not in the experimental group.  
Entry time on Educationally Salient Features Square 3 (ms) 
Experimental Control 
Subjects Baseline Horizontal Subjects Baseline Horizontal 
19 372 696.8 137 2012.3 287.9 
114 4245.5 286.9 149 558 330.2 
270 1654.8 633.8 285 2146.3 253 
291 310.8 549.6       
      488 729.3 531.3 
      499 3772.4 292.8 
      648 2997.3 1747.9 
            
721 2479.4 503.6 843 2565.2 671.4 
      978 261.2 1899.6 
            
9 559.5 639.9       
205 312.6 316.4 274 389 256.5 
668 735.8 2414.2 482 864.6 414.6 
167 2560.2 265.5 394 2974 353.7 
AVG 1470.1 700.74 AVG 1751.8 639.9 
Table 24 Entry time on educationally salient features of Square 3 comparing baseline to 
horizontal&180. Experimental baseline to control baseline p-value 0.318. Experimental 
horizontal&180 to control horizontal&180 p-value 0.416. Experimental baseline to 
horizontal&180 p-value 0.075. Control baseline to borizontal&180 p-value of 0.007. Gaps in 
the table indicate a subject that did not meet tracking ratio requirements. 
This is another case where between the groups is not significant when 
comparing their respective baselines or horizontal&180 rotations together (Table 
24). The change in the experimental group from 1470.1ms to 700.74ms is not 
significant (p=0.075) while the decrease in the control group from 1751.8ms to 
639.9 ms is significant (p=0.007). Again, both groups are faster at looking at an 
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educationally salient feature but in this case only the control group is statistically 
faster than its baseline. 
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Effects of Intervention on Entry Time into Educationally Salient Features 
    Experimental Control 
  
Educationall
y Salient AoI 180 
Horizontal&18
0 Original 180 
Horizontal&18
0 Original 
Oblong 
1 
Fingerlike 
Projections S F S F F F 
L-Vacuole1 S F S (s) F F F 
L - Fingerlike 
Projections F F S S S S 
L-Vacuole2 F F F F S F 
Pooled 
Salient F F S S S S 
Oblong 
2 
Fold F F F S S F 
Attach F F F F F S 
L - Attach1 F S F S S S 
L - Attach 2 S S F S S F 
Pooled 
Salient F F F (s) S S S 
Oblong 
3 
Border F F F S S S 
L-
Tonofilament F F S F F F 
L-Ridge and 
Spine S F S S S S 
L-Granules S F F S S S 
Pooled 
Salient F F F F S S 
Square 
1 
Triad F F F (s) S F S 
L - Triad S S F F F F 
L - Mito F S F F F F 
Pooled 
Salient F F F (s) F F S 
Square 
2 
Mito S F F F F S 
L - Mito1 S S F S F F 
L - Mito2 S S F F S F 
Pooled Salient S S F S F F 
Square 
3 
L - Mito F F S F F (s) F 
L - Disk F F S S F F 
Pooled 
Salient F F S 
F 
(s) F (s) F (s) 
Table 25 Summary of change in entry time as a result of intervention. “Pooled Salient” is a 
compilation of the fastest entry time over all educationally salient features. The preceding 
AoIs are the different educationally salient features with “L” preceding the ones that are 
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labeled and no prefix for unlabeled. “F” indicates faster, “S” slower and “(s)” is when the 
change within the group is significant. Each orientation and image combination is 
compared to its respective baseline to determine if the group is faster or slower after the 
intervention. 
 
Number of time each group is faster or slower at entering educationally salient features. 
    Experimental Control 
    180 Horizontal&180 Original 180 Horizontal&180 Original 
Total 
Individual 
Slower 9 6 7 10 9 8 
Faster 11 14 13 10 11 11 
Total 
Pooled 
Slower 1 1 2 3 3 4 
Faster 5 5 4 3 3 2 
Total 
Oblong 
Individual 
Slower 5 2 5 7 8 6 
Faster 7 10 7 5 4 6 
Total 
Oblong 
Pooled 
Slower 0 0 1 2 3 3 
Faster 3 3 2 1 0 0 
Total 
Square 
Individual 
Slower 4 4 2 3 1 2 
Faster 4 4 5 5 7 6 
Total 
Square 
Pooled 
Slower 0 0 1 0 0 1 
Faster 3 3 2 3 3 2 
Table 26 Number of times the experimental and control group is faster or slower at 
entering educationally salient features. First section is the individual features for all 
images and the pooled educationally salient totaled together. The tally is subsequently 
broken down into the oblong and square subgroups and tallied for individual features and 
pooled together. 
 Overall, the experimental group and control group show very little 
difference in how many time they are faster or slower at entering educationally 
salient AoIs (Tables 25 and 26). However, when pooled together the 
experimental group is faster for 5 of 6 images for 180 and horizontal&180 
orientation and 4 of 6 images in the original orientation. Control results overall is 
3 faster and 3 slower for 180 and horizontal&180 orientations while 2 images are 
faster in the original orientation with 4 slower. When broken down into oblong 
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and square cells the experimental group is faster for all cases except for one 
image in the original orientation for the oblong as well as one for the square cells. 
Control results are less consistent as all oblong cells are slower with the 
exception of one image in the 180 orientation while they are faster for the square 
cells except for one image in the original orientation. Altogether, the trends of 
both cell subgroups, square and oblong, support the prediction that the 
experimental group will be faster post training. The trends for the control do not 
support the prediction as the control group changes after intervention and the 
predicted outcome is no difference. 
Glances  
Change in glances within a group after training is highly variable when 
looking at individual features. However, when we focus on the unlabeled 
educationally salient feature Fingerlike Projections (table 6) the experimental 
group does increase significantly (p=0.029) while the control group doesn’t 
change significantly (0.169) when comparing baseline to post training. This is 
also the only educationally salient feature that shows significance between 
groups after training, as previously discussed.  
Pooling the educationally salient features together shows similar trends. 
Oblong 1, which showed significance between groups after training in the 
number of glances at pooled educationally salient features (Table 7), is one 
example of when the control group but not the experimental group shows 
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significance within the group between baseline and after training. In this case the 
control group decreases from 3.27 to 1.64 glances (p=0.039) while the 
experimental group increases from 2.36 to 3.27 (p=0.075). Oblong 2, the other 
image with significance between groups, shows the same trends as Oblong 1. 
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Effects of Intervention on number of Glances at Educationally Salient Features 
    Experimental Control 
  
Educationally 
Salient AoI 180 Horizontal&180 Original 180 Horizontal&180 Original 
Oblong 
1 
Fingerlike 
Projections M - M (s) L L L 
L - Vacuole1 M M L L M - 
L - Fingerlike 
Projections M M M (s) L(s) L (s) L 
L - Vacuole2 M L M L L (s) L 
Pooled 
Salient M M M (s) L L (s) L 
Oblong 
2 
Fold L L (s) L L(s) L (s) L (s) 
Attach M M L L(s) L L 
L - Attach1 L(s) L L L(s) L (s) L (s) 
L - Attach 2 L L L L(s) L (s) L (s) 
Pooled 
Salient L L L 
L 
(s) L  (s) L (s) 
Oblong 
3 
Border L M M L M L 
L - 
Tonofilament M M L - M L (s) 
L - Ridge and 
Spine L M M L M L 
L - Granules L M M - L - 
Pooled 
Salient L M (s) M L M L 
Square 
1 
Triad L M L M L M 
L - Triad M - L M M (s) L (s) 
L - Mito L L - L M M 
Pooled 
Salient L L L M M L 
Square 
2 
Mito L M L L L (s) L (s) 
L - Mito1 L L M L L M 
L - Mito2 L (s) L L L L L (s) 
Pooled Salient L L M L(s) L (s) L 
Square 
3 
L - Mito M(s) M (s) M M(s) M (s) M (s) 
L - Disk M M L (s) L (s) - L 
Pooled 
Salient 
M 
(s) M (s) L M M (s) M (s) 
Table 27 Summary of the effect of intervention on number of glances. “Pooled Salient” is a 
compilation of all glances at all educationally salient features for the given image. The 
preceding AoIs are the different educationally salient features with “L” preceding the ones 
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that are labeled and no prefix for unlabeled. An “M” indicates the group has more glances 
after intervention when compared to baseline while “L” indicates less and “(s)” when the 
change is significant. 
 
Number of time each group has less or more glances at educationally salient 
features. 
    Experimental Control 
    180 Horizontal&180 Original 180 Horizontal&180 Original 
Total 
Individual 
Less 11 7 11 15 12 14 
More 9 11 8 3 7 4 
Total 
Pooled 
Less 4 3 3 4 3 5 
More 2 3 3 2 3 1 
Total 
Oblong 
Individual 
Less 6 4 6 10 8 10 
More 6 7 6 0 4 4 
Total 
Oblong 
Pooled 
Less 2 1 1 3 2 3 
More 1 2 2 0 1 0 
Total 
Square 
Individual 
Less 5 3 5 5 5 4 
More 3 4 2 3 3 4 
Total 
Square 
Pooled 
Less 2 2 2 1 1 2 
More 1 1 1 2 2 1 
Table 28 Tally of how many times each group, experimental and control, have more or less 
glances after intervention. The count is down for all individual features as well as pooled 
for every image and subsequently broken down into oblong and square subsets. 
 The experimental group shows no trends overall for either individual or 
pooled educationally salient features (Tables 27 and 28). The control group, 
however, does tend to have less glances at educationally salient features after 
training with 15, 12 and 14 of 20 individual features with less glances for the 180, 
horizontal&180 and original orientations, respectively. Broken down into oblong 
and square the trends, or rather lack thereof, continue in the experimental group 
for individual features. There is a slight offset to more glances for pooled 
educationally salient features after intervention in the oblong cells but only in the 
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horizontal&180 as well as the original orientations. The opposite occurs in the 
square cells with a slightly higher frequency of less glances post training for the 
same group. Control continues to have fewer glances at individual features when 
broken into square and oblong cells. The Oblong cells have a greater difference 
in frequency as the control group has less glances 10, 8 and 10 out of 12 times 
for the 180, horizontal&180 and original orientations, respectively, with less 
drastic differences as seen in table 25. 
 Overall, the trends seen in glances do not support our predictions. 
Experimental glances did not consistently increase after training as was 
expected. Control glances actually tended to decrease after training as opposed 
to staying constant.   
Dwell time 
 Fraction of total viewing time shows similar results as glances with 
different combinations of significance. However, when focusing on the 
educationally salient features that show significance after training, as described 
above, the experimental group never shows significance. For the educationally 
salient feature “Attach” in Oblong 2 (table 10) the experimental group has a p-
value of 0.059 while the control group has a p-value of 0.207 when comparing 
their respective baseline to the horizontal&180 rotation post training stimuli. This 
is seen in most of the features that there is a difference between groups after 
training. Square 3 on the other hand shows significance between groups after 
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training (p=0.043) in the original orientation with the control group also showing 
significance within the group between the baseline and original orientation for the 
labeled educationally salient feature “Mito” (Table 29). 
Fraction of Total Viewing Time in Labeled Mito Square 3 
Experimental Control 
Subjects Base Original  Subjects Base Original  
19 0.175583 0.299501 137 0.057416 0.298177 
      149 0.432775 0.262764 
270 0.110537 0.079233 285 0.318702 0.468391 
291 0.236452 0.431344       
      488 0.177396 0.15235 
      499 0.136257 0.246424 
639 0.165365 0.279369       
475 0.684552 0.300325 860 0.19494 0.573466 
            
      978 0.095101 0.273378 
697 0.147461 0.186889       
9 0.152532 0.486179       
205 0.250914 0.406263 274 0.282027 0.47562 
668 0.35818 0.030474 482 0.168842 0.553994 
167 0.145938 0.095672 394 0.01456 0.561299 
AVG 0.242751 0.259525 AVG 0.187802 0.386586 
Table 29 Fraction of total viewing time on labeled educationally salient feature Mito of 
Square 3 comparing baseline to original orientation. Experimental baseline to control 
baseline p-value 0.213. Experimental original to control original p-value 0.043. 
Experimental baseline to original 0.411. Control baseline to original p-value 0.003. Gaps in 
the table indicate a subject that did not meet tracking ratio requirements. 
For this feature the experimental group does not change significantly when 
increasing from 24.2% to 25.9% (p=0.411) of their time spent on the labeled 
educationally salient feature “Mito.” However, the control group does have a 
significant change from baseline to original orientation, post training, as they 
increase from 18.9% of their time spent on the feature to 38.7% of their time 
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(p=0.003). The same results are seen when pooling the educationally salient 
features together where there are examples of every combination of within group 
significant changes with only one of the two groups being significantly different 
from there baseline, both of them or neither of them. On top of this, the same 
trends of significance between groups after training with no difference within the 
experimental group between baseline and after training orientations. The control 
group shows significance within group during the same comparison. Tables 11 
(Oblong 3) and 12 (Square 3) for pooled educationally salient features show 
differences between groups after training but with opposite trends. Interestingly 
both are a result of changes in the control group as the experimental group stays 
statistically constant. In the case of Oblong 3 (table 7) the control group 
decreases from 8.1% to 3.7% which is statistically significant with a p-value of 
0.041. Square 3 on the other hand shows an increase in the control group from 
23.0% to 43.4% with a p-value of 0.002.  
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Effects of Intervention on dwell time on Educationally Salient Features 
  
 
Experimental Control 
  
Educationall
y Salient AoI 180 
Horizontal&18
0 
Origina
l 180 
Horizontal&18
0 
Origina
l 
Oblong 
1 
Fingerlike 
Projections S G G S(s) S G 
L-Vacuole1 G G S S S S 
L - Fingerlike 
Projections G G G S S (s) S 
L-Vacuole2 G G G S(s) S (s) G 
Pooled 
Salient G G G S(s) S (s) S 
Oblong 
2 
Fold S S S S(s) S (s) S 
Attach G G S S S S (s) 
L - Attach1 S (s) S (s) S (s) S(s) G S (s) 
L - Attach 2 S S (s) G S(s) S (s) S 
Pooled 
Salient S S S S(s) S (s) S (s) 
Oblong 
3 
Border S G G S S S 
L - 
Tonofilament G S (s) S (s) S S S 
L - Ridge and 
Spine G G S S S S 
L-Granules S G G G S (s) S 
Pooled 
Salient G G G S S S (s) 
Square 
1 
Triad S S S S S S (s) 
L - Triad S S (s) S (s) S(s) S (s) S (s) 
L - Mito S G G S G G 
Pooled 
Salient S S (s) S (s) S(s) S (s) S (s) 
Square 
2 
Mito S (s) S (s) S S(s) S (s) S 
L - Mito1 G(s) G (s) G (s) G(s) G (s) G 
L - Mito2 S (s) G (s) G G(s) S (s) S 
Pooled 
Salient S S (s) G G S G 
Square 
3 
L - Mito G G G G(s) G (s) G (s) 
L - Disk S S S (s) S(s) S G 
Pooled 
Salient G G S 
G(s
) G (s) G (s) 
Table 30: Summary of whether or not each group spent a greater or smaller fraction of 
time on educationally salient features when compared to the baseline. “Pooled Salient” is 
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a compilation of dwell time on all educationally salient features in the given image. The 
preceding AoIs are the different educationally salient features with “L” preceding the ones 
that are labeled and no prefix for unlabeled. “G” for greater fraction, “S” for smaller 
fraction and “(s)” when the difference between baseline and that orientation is significant. 
 
Number of time each group has greater or small fraction of time on educationally 
salient features when compared to baseline. 
    Experimental Control 
    180 Horizontal&180 Original 180 Horizontal&180 Original 
Total 
Individual 
Small 12 8 10 16 16 14 
Greater 8 12 10 4 4 6 
Total 
Pooled 
Small 3 3 3 4 5 4 
Greater 3 3 3 2 1 2 
Total 
Oblong 
Individual 
Small 6 4 6 11 11 10 
Greater 6 8 6 1 1 2 
Total 
Oblong 
Pooled 
Small 1 1 1 3 3 3 
Greater 2 2 2 0 0 0 
Total 
Square 
Individual 
Small 6 4 4 5 5 4 
Greater 2 4 4 3 3 4 
Total 
Square 
Pooled 
Small 2 2 2 1 2 1 
Greater 1 1 1 2 1 2 
Table 31: Tally of how many times each group spent a greater or small fraction of time on 
educationally salient features when compared to their respective baselines. Totals are first 
done for all images for individual educationally salient features and then with all features 
pooled together. The totals are then broken down between oblong and square cell 
subgroups. 
 The experimental group did not tend to spend a larger or smaller fraction 
of time on individual educationally salient features when all images are analyzed 
together nor with all features are pooled together (Tables 30 and 31). However, 
did tend to spend a smaller fraction of their time on educationally salient features 
when all images are looked at together as evident in tables 30 and 31. This trend 
continues into the oblong cell subgroup when all features are looked at 
individually, with the control group spending a smaller fraction of time on almost 
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every feature. When these features are pooled together for oblong cells the 
control group always spends a smaller fraction of time on the features, while the 
experimental group has a slight tendency to spend a greater fraction of time on 
the same features. In contrast experimental group tends to spend a smaller 
fraction of time on pooled features in the square cells but no consistent increase 
or decrease when looked at individually. Control results show a slightly higher 
number of individual features with a smaller fraction of time in the 180 and 
horizontal&180 but not in the original orientation. They show no tendency to 
spend a greater or smaller fraction of time when all of the square educationally 
salient features are pooled together in the image. 
 Overall, the predictions are not supported. The control group never stayed 
consistent and was actually more likely to move in a consistent direction, smaller 
fraction of time, post training when viewing the oblong cells. The experimental 
group did tend to spend a slightly higher fraction of their time on educationally 
salient features of the same cells; however the prediction stated that the 
experimental would have a greater fraction while the control would have no 
change. 
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Discussion 
Hypothesis 1: Experimental group will attend more closely to educationally 
salient features then will control group 
 With respect to entry time it is not possible to reliably determine if the 
experimental group attends to educationally salient features more quickly after 
training when compared to the controls. The experimental group did tend to have 
a faster entry time in the oblong cells after training which is what was previously 
predict but the control group had a faster entry time in the square cells. Number 
of glances at educationally salient features is a promising variable, but the lack of 
statistical significance for most features means that the hypothesis is not upheld 
in this study. Again, the experimental group tended to show more glances at 
educationally salient features when viewing the oblong cells after training while 
there was not trend differences between the groups when viewing the square 
cells.  The same conclusion is reached when looking at fraction of total viewing 
time. In this case the experimental group spent a greater fraction of time on the 
educationally salient features of the oblong cells after training; meanwhile the 
control group shows the same change after training in the square cells. 
Overall, it would seem that training does not cause trained subjects to 
attend to educationally salient features more quickly, often, or for longer than the 
control. It is, however, interesting that the hypothesis is supported by all three 
variables in the oblong cells, but not the square cells. 
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Hypothesis 2: Control group will attend more to visually salient features than will 
the experimental group. 
 Again, entry time data proved inconclusive statistically. However, the 
overall trends of entry time does support the hypothesis as the majority of cells 
show a faster entry time on the visual salient “Nucleus” in the control group. In 
the case of glances at visually salient features, the hypothesis is not upheld as 
the majority of images do not show significance between groups as seen in table 
19. For the oblong cells, the control group does tend to glance at the nucleus 
more; however there is no trend in the square cells. Fraction of total viewing time 
also does not consistently support our hypothesis but looks interesting in some of 
the cells. The oblong cells once again show a trend that is consistent with the 
prediction for this variable. Control group spends a higher fraction of time on 
educationally salient features in these cells with no obvious trend in the square 
cells for either group.   
Overall, training does not causes the control group to attend more closely 
to visually salient features than the experimental group. In this case it is possible 
that the difference between educationally salient and visually salient is not as 
different as desired. The features chosen were designed so that educationally 
salient features were not also visually salient. This process was subjective and it 
is possible that the education features of the square cells are also highly visually 
salient. If this is true then the reasons we do not see significance in the square 
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cells, which often has very obvious features that are pointed out during the 
training, are the result of their high visual salience, obscuring the training 
process. What this means is we do not see significant changes in either groups’ 
interaction with the nucleus in the square cells because the nucleus is not the 
most visually salient feature, but rather something else that we have not 
specifically identified. Overall, the hypothesis is not support as the control group 
does not consistently attend to the nucleus more as shown in the three variables 
above. Again, the oblong cells show trends that are consistent with the 
predictions but the square cells do not. 
Hypothesis 3: The experimental group will attend more closely to educationally 
salient features after training when compared to baseline while the control group 
remains the same 
 Entry time proved equally inconclusive for this hypothesis as well. The 
faster entry times seen in the experimental group is consistent with the 
prediction, however the control group also showed changes which is a 
contradiction to the prediction. The control group was slower at entering the 
educationally salient features after training, which would suggest that the change 
in orientations that were used to inhibit the artifcatual changes in gaze patterns 
during multiple viewings was not successful. The faster entry time of the control 
group into the education features for the square cells would indicate that these 
features are also visually salient. The variability in glances means that the 
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hypothesis is not upheld. Overall, the experimental group does have more 
glances at educationally salient features while the control group has less. Ideally, 
the control group should have no changes in the number of glances at 
educationally salient features while the experimental group should increase.  
Fraction of viewing time actually supports the opposite of our hypothesis, as 
training did not affect the fraction of time spent on educationally salient features 
while lack of training caused the control subjects to spend more time on no 
educationally salient features. Trend seen in the experimental group, increase in 
fraction of time spent on education features does support it while the decrease 
seen in the control group is inconsistent with the predictions as they should 
remain constant. Again, overall the hypothesis is not support as training does not 
cause the experimental group to attend more closely to educationally salient 
features, when compared to baseline, while the control groups remains constant. 
Effect of training on gaze patterns 
 Although the overall trends do not support our hypothesis the trends of the 
oblong cells is very interesting. Training does cause the experimental group to 
attend more closely to educationally salient features when compared to the 
control. This is seen in the faster entry time, higher number of glances and a 
greater fraction of time spent on these features. The control shows the exact 
same trends in these variables but in the visually salient nucleus. Trends within 
the experimental group show the expected changes to correspond with the post 
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training levels of the three variables, entry time, glance count and fraction of 
viewing time. Control group changes within the group between baseline and after 
training are indeed in contradiction to the stated hypothesis. However, this is not 
overall unexpected in multiple viewings of the same image, which would suggest, 
as previously stated, that rotation of the image is not sufficient in inhibiting the 
artifact changes. The square cells on the other hand often showed the exact 
opposite trends or the groups were no different from each other. This would 
suggest that educationally salient features are also highly visually salient in these 
cells, especially when neither group trends favorably. However, the faster entry 
time of the control group into educationally salient features of these cells could 
indicate that the training did not enhance the training group’s ability to identify 
these cells, but rather inhibited it. This could be due to too much information in 
the training which did not allow the experimental group to remember the 
information pertaining to these cells, causing them to focus on visually salient 
feature more. Also, the square cell educationally salient features tended to be 
distributed throughout the cell while the oblong cell features are concentrated 
near the edges. The position difference could cause the control group to spend 
more time in the square features as they move across the cell which would 
obscure the difference between control and experimental groups. 
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Limitations of the study 
 With respect to entry time the results are highly variable and are not 
consistent for type of AoI across the different images and orientations of the 
images. It is possible that the significance we see or don’t see is due to the small 
sample size we have to work with.  
The images themselves may have been poorly chosen so that 
educationally salient and visually salient are not as mutually exclusive as 
required to see the difference between the educated and not educated groups. 
This is extremely prevalent in the square cells as the control group attends more 
closely to educationally salient features than do the experimental after training. 
Trends like this suggest that the educationally salient features are also visually 
salient as visually salient features are what people focus on the most in an image 
and would subsequently use to identify it. An educationally salient feature that is 
not visually salient would not be attended to by non-trained subject as they have 
no cognitive bases to cause a change in mind set. 
The entry time variable suffers a short-coming in measurement. A person 
who does not look at an AoI is not included into the calculation and may be part 
of the reason we don’t see significance for the majority of the AoIs. For example, 
the labeled educationally salient feature Attach2 does not show significance 
because we do not have sufficient subjects that look at the AoI. For the original 
orientation the educated group has 11 people with the proper tracking ratios to 
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be included but only 7 fixate within the AoI leaving 4 people without numerical 
data for both the baseline and original orientation. In contrast the non-educated 
group has 13 people who meet the tracking requirements but only 7 look at the 
AoI during baseline and 3 during original orientation leaving 6 and 10 subjects 
without numerical data. This data is however important because the control 
subjects lost would have an entry time between 10s and infinity which would 
drive average entry time higher. It may be possible to apply a numerical timeline 
scale for entry time with limits to each extreme. This could be done by having a 
countdown instead of elapsed time where the lowest possible value is 0s. In this 
case those people who enter the AoI within 1s receive a “score” of 9 and those 
who take 9s get a score of 1. Analyzing the data in this way would at the very 
least allow for the evaluation of all subjects' in a way other than categorical. 
 Glances on a whole show no difference with little exception. This is most 
likely due to not being able to correct for how long the subject looks at the picture 
in a meaningful way. For instance, an image is presented for 10s and it may take 
the subject 2s to answer. We know that for the first 2s the subject is actively 
working to try to identify the image, what we don’t know is what they are doing for 
the remaining 8s. As an educator, one would like to assume a student would 
double check their answer but as it stands we have no way of knowing for sure 
what the subject is doing for the remainder of the time. In future studies the 
stimuli should advance after the subject answers to remove the noise for the 
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remaining viewing time. As it stands, Glances is not a useful variable for 
evaluating education in this experiment. 
 Fraction of viewing time seems to be very compelling. The oblong cells 
tend to trend the way that we hypothesized but not always significantly while the 
square cells trend in the opposite direction without significance. Sample size 
issues aside, this variable is interesting when the results of the test are 
considered. This looks like a good candidate for the evaluation of education but 
further studies are needed. 
 The strength of the system is also its weakness. Camera recording area is 
much smaller than the average person’s range of motion so any gross changes 
in movement causes intermitted loss of signal which contributed to the need for 
stimulus specific tracking ratios.  Although the subject were instructed not to 
move as much as possible, many of the subjects did not remain still enough for 
constant tracking over 90% which is desired. Addition of a chin mount will help 
with the loss of tracking due to gross anatomical movement. 
Future studies 
Future studies should focus on addressing some issues related to the 
images used in this study. The images used in this study may also have 
inadvertently created some limitations. We tried to choose images that were 
sufficiently similar to each other while simultaneously being different enough to 
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force the subject to search harder and look for discrete patterns in order to 
determine which cell they were viewing. However, an inadvertent repercussion of 
this choice was that the images were too different from each other and allowed 
for the quick identification of the image. In future studies, images should be 
similar enough to each other that a quick glance would not allow for 
determination, forcing subjects to undertake a complete search of the image for 
subtle differences.  Different images should also have identical visually salient 
features, preventing subjects from using these features to identify the images. 
This should show that attention is drawn to the areas labeled.  Using the 
computational models for visual salience could help achieve better image 
selection. One of these models was used by Matsumoto et al. in order to 
determine if areas required to correctly diagnosis patients using brain MRIs are 
also visually salient suggesting that these models allow for a measure of visual 
salient. In this study they showed that the low visually salient areas that were 
also clinically relevant are attend to more by experts than by novices in 
neurology. 
 One useful approach would be to use the same image with very subtle 
differences in non-educationally salient areas. Using such an image, like an MRI, 
would force the subject to look in the areas of low visual salience for certain 
cognitively salient features.  It would be possible to test the naïve, train them and 
test again, allowing the researcher to be confident that the subjects are not using 
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visually salient features to identify images. This model would also enable 
researchers to test experts for before and after a “refresher” to see what sort of 
effects education would have on them. Data processing and interpretation would 
also be easier if one area of the brain is chosen so the educational process could 
be a concentrated effort instead of attempting to gloss over the information just 
enough to influence the subject. 
 There are some very import questions that also need to be discerned. In 
this experiment we gave the subject 2 labeled educationally salient features with 
the possibility of multiple unlabeled features. This actually proved to be far too 
complex to get a consistent result. First, we must ask the question, what is the 
effect of having one educationally salient feature in an image that the subject is 
trained to? Then the experiment should be repeated with the same setup but 
changes in the visual salience of that educationally salient feature by changing 
contrast, size or even color to make it stand out from the background. Is there a 
level of visual salience where training doesn’t matter for visual search? If there is 
a visual salience threshold what happens when there is more than one 
educationally salient feature in that sub threshold level? Is there a difference if 
the educational features have the same pattern, or different patterns? There are 
still many questions yet to be answered which will require improvements to our 
experiment and data collection before moving forward. 
Conclusion 
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 Despite lack of evidence in the square cells, the oblong cells suggest that 
training does cause subjects to attend to the features identified in the training 
more than they did before the training. This also suggests that the process of 
education can be quantified using the entry time, glance count and fraction of 
viewing time (normalized net dwell time) variables. Evidence of this is seen in the 
trends consisting of faster entry time, higher glance count and greater fraction of 
viewing time on the educationally salient features in these cells. Further 
refinement of the experiment would hopefully result in more statistically findings. 
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